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".  .  .In  any  other  industry,  decisions  on  investments  so  huge 
would  be  wrapped  in  the  full  panolpy  of  managerial  science  -  economic 
forecasts,  cashflow  projections,  feasibility  studies,  and  the  like. 
In  shipping,  however,  the  individual  capitalist  still  reigns  supreme 
...and  it  is  generally  accepted  that  the  head  man  is  entitled  to  play 
his  hunches." 

Fortune  August  197A 

This  paper  explores  a  more  systematic  approach  to  making  decisions 
on  the  big  investments  required.   The  paper  presents  a  multiperiod  port- 
folio selection  model  for  companies  operating  in  charter  shipping  markets. 

Much  has  been  written  about  the  volatility  of  the  world  tanker  (and, 
to  a  lesser  extent,  other  charter)  markets.   Industry  practice  give  owners 
several  strategic  options.   Accepting  a  time  charter  guarantees  the  owner 
a  definite  revenue  for  a  certain  period.   A  single-voyage  charter  in  the 
spot  market,  on  the  other  hand,  offers  the  possibility  of  extraordinary 
profits  when  there  is  a  shortage  of  ships  -  at  the  risk  of  heavy  losses 
when  the  delicate  balance  of  supply  and  demand  tips  the  other  way.   For 
example,  during  a  three  week  period  in  May  1973  the  spot  rate  for  a  250,000 
ton  tanker  rose  from  world  scale   (WS)  92.5  to  WS210;  over  a  similar  period 
in  the  fall  of  1973  the  rates  fell  from  WS410  to  WS57.   Even  shipowners 
who  signed  long  term  charters  hoping  to  have  a  steady  flow  of  income  at  low 
risk  have  been  surprised  by  an  era  of  inflation  and  currency  chaos. 

Faced  with  such  uncertainty,  ship  owners  have  tended  to  develop 
distinctive  strategies  for  operating  in  these  markets.   The  strategies 


See  Appendix  (1)  for  a  definition  of  this  index.   It  is  basically  an 
index  designed  to  equalize  the  revenue  per  ton  per  day  on  any  voyage. 
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are  mainly  a  function  of  their  willingness  to  accept  risk.  Whatever  their 
individual  strategy,  most  shipowners  tend  to  view  the  game  as  a  gamble 
for  high  stakes  where  the  key  to  success  is  to  develop  "a  nose"  for  the 
right  decisions.   They  seem  to  see  little  use  for  economic  study  or 
modelling. 

Acedemicians  on  the  other  hand  believe  that  much  of  the  volatility 
in  shipping  markets  can  be  predicted.   There  is  a  2  to  5  year  time  lag 
between  a  new  ship  being  ordered  and  its  coming  on  the  market.   So  that 

by  studying  the  structure  of  the  market  and  making  supply  demand  balances 

2 
it  is  possible  to  forecast  rates  many  years  into  the  future.    This  is 

probably  true  to  a  certain  extent.   However,  unpredictable  world  events 

(such  as,  the  closing  of  the  Suez  Canal,  the  Arab  oil  embargo,  etc.)  still 

leaves  some  residual  uncertainty  in  the  future  rates. 

To  minimize  the  effects  of  this  residual  uncertainly  it  has  been 

proposed  that  shipowners  should  view  their  fleet  as  a  portfolio  of  assets 

3 
whose  risk  can  be  minimized  by  diversification.   Lorange  and  Norman  have 

shown  how  a  static  single  period  model  can  be  used  for  planning  the  invest- 
ments in  the  portfolio.   However,  since  time  charters  run  many  years  and 
new  ships  take  a  long  time  to  come  on  stream  it  would  appear  that  the 
planning  horizon  of  a  shipping  company  should  extend  over  a  number  of  future 
periods.   This  paper  presents  such  a  multi-period  portfolio  selection 
model. 

The  following  two  sections  give  an  overview  of  the  shipping  industry 
and  a  framework  for  looking  at  the  decisions  made  by  a  shipping  company. 


2 
See  for  example,  Z.  Zannetos,  "The  Theory  of  Oil  Tankship  Rates", 

MIT  Press,  1966.   J.  W.  Devanney,  III,  "A  Model  of  Tanker  Charter 

Markets  and  a  Related  Dynamic  Program"  in  Shipping  Management, 

P.  Lorange  and  V.  Norman,  eds. ,  Institute  for  Shipping  Research, 

Bergen,  1973. 

3 
P.  Lorange  and  V.  Norman,  "Portfolio  Planning  in  Bulk  Shipping 
Companies"  in  Shipping  Management  op.  clt. 
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These  section  draw  heavily  on  a  case  study^  of  a  U.S.  shipping  company's 
planning  system.   The  next  two  sections  present  the  Lorange-Norman  model 
and  some  empirical  evidence  on  the  usefulness  of  the  portfolio  approach. 
This  is  followed  by  sections  discussing  the  proposed  model  and  some  of  the 
problems  of  implementing  it.   The  final  section  summarizes  the  conclusions 
and  suggests  directions  for  future  research. 

The  Shipping  Industry 

Ocean  transportation  is  unique  among  transportation  modes  in  the 
degree  to  which  it  has  been  unaffected  by  governmental  regulation.   Faced 
with  this  lack  of  regulation,  the  suppliers  of  ocean  transportation  have 
split  into  two  quite  disparate  groups:   chartered  shipping  and  liner  shipping, 
This  paper  is  concerned  with  the  management  of  a  fleet  of  ships  offering 
chartered  shipping  services. 

A  ship  operating  in  the  charter  market  is  held  available  for  lease 
or  charter  at  any  mutually  agreeable  terms  between  seller  (shipowner) 
and  buyer  (shipper).   The  length  of  the  charters  arranged  in  these  markets 
can  range  from  a  single  voyage  between  two  ports  to  as  long  as  15  years. 
Shippers  are  not  generally  offered  a  regularly  scheduled  service  in  the 
charter  market.   Also,  there  are  no  mechanisms  for  leasing  portions  of 
ships  so  that  most  contracts  involve  the  entire  ship.   This  attracts  only 
large  scale  shippers  (with  full  ship  load  consignments)  to  the  charter 
market.   Thus,  most  chartered  shipping  involves  basic  commodities  which 
travel  long  distances  (such  as  petroleum,  ore  and  grain). 


"Gotaas-Larsen  Shipping  Corporation  (Cases  A  and  B)"  by  S.  Alter  and 
S.  Anand,  Copyright  1975,  Sloan  School  of  Management,  MIT. 
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To  serve  various  charter  trades,  specialized  ships  have  been  developed 
Conventionally,  the  charter  market  is  broken  down  into  the  following  types 
of  ships: 

(1)  Oil  tankers 

(2)  Dry  bulk  carriers  and  combined  carriers 

(3)  Tramps  or  tween  deckers 

(4)  Specialized  carriers:   LNG,  container  vessels,  etc. 

Exhibit  1  indicates  the  relative  size  of  the  various  shipping  markets. 

There  are  several  types  of  contracts  used  in  the  charter  market.   A 
voyage  charter  is  a  contract  to  transport  a  commodity  in  a  particular  ship 
between  two  specified  ports.   All  the  expenses  are  borne  by  the  owner. 
Voyage  charters  for  commencement  immediately  are  called  sport  charters  while 
contracts  commencing  in  the  future  are  called  forward  charters.   A  terra 
charter,  on  the  other  hand,  refers  to  the  rental  of  a  ship  and  crew  for  a 
specified  lengtli  of  time  varying  from  several  months  to  20  years.   There 
are  several  variation  on  the  above  schemes;  these  are  defined  in  Appendix  1. 

The  particular  rate  quoted  in  the  charter  market  depends  upon  a 
number  of  variables.   The  important  ones  are: 

— type  of  ship  (i.e,  tanker,  bulk,  etc.) 

— size  of  ship 

— length  of  time  for  which  charter  will  run 

— proposed  route  for  the  ship.   This  is  generally  important  for  a 
voyage  charter  or  a  contract  of  affreightment  but  not  for  a  time  charter, 

Theoretically,  any  combination  of  different  values  for  each  of  these 
four  variables  would  be  a  different  asset  and  a  different  rate  would 
be  quoted  for  it  in  the  market. 
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Relative  Size  of  different  charter  markets. 
Exhibit  1 


Source:  MIT  Department  of  Ocean  Engineering. 


The  shipping  industry  is  charaterized  by  assets  which  are  useable 
over  long  periods  of  time  (the  average  ship  provides  undiminished  service 
for  more  than  20  years).   Although  ships  ordered  from  shipyards  take  2  to 
5  years  to  build,  there  is  a  substantial  market  for  used  ships.   Thus 
it  is  possible  for  owners  to  change  the  composition  of  their  fleet  fairly 
rapidly.   Unlike  most  other  fixed  assets,  the  cost  of  maintaining  a  ship 
even  when  it  is  not  in  use  are  very  large  so  that  there  is  a  high  premium 
to  planning  for  many  years  into  the  future. 

As  mentioned  earlier  the  rates  quoted  in  the  spot  market  fluctuate 
violently.   The  rates  quoted  for  longer  term  charters  seem  to  be  more 
stable  but  are  significantly  influenced  by  the  rate  in  the  spot  market. 
The  market  prices  for  new  and  used  ships  are  also  dependant  on  the  spot 
charter  rates.   Most  studies  seem  to  indicate  that  the  markets  for  buying 
and  selling  ships  and  the  markets  for  chartering  their  services  are 
competitive  in  that  most  of  the  participants  are  price-takers. 

Overview  of  Management  in  Shipping 

Generally,  shipping  companies  operating  in  the  charter  market  are 
large  in  terms  of  assets  and  income  but  small  in  terms  of  number  of 
people  employed.   These  companies  tend  to  have  highly  centrallized, 
functionally  organized  management  structures.   The  management  of  these 
companies  are  called  upon  to  make  3  types  of  decisions.   The  first  are 
those  that  chart  the  business  direction  of  the  company  and  may  be  termed 
as  portfolio  planning  decisions.   The  second  are  decisions  to  invest  in 


Most  of  this  section  is  based  upon  the  case  studies:   "Gotaas-Larsen 
Shipping  Corporation  (Case  A  and  B)"  by  Steven  Alter  and  Sudeep  Anand , 
op.  cit. 


particular  ships  and  the  third  are  operating  decisions.   The  following 

are  some  key  aspects  of  these  3  types  of  decisions: 

— Portfolio  planning:   The  portfolio  planning  problem 
has  3  main  dimensions.   The  first  is  the  choice  of 
the  financial  structure  of  the  firm.   This  involves 

not  just  deciding  on  the  debt/equity  ration  of  the 
firm  but  also  the  manner  in  which  the  debt  will 
be  raised.  The  debt  could  vary  from  being  tied  to 
a  particular  vessel  at  one  extreme  or  it  could  be 
a  corporate  bond  issue  at  the  other.   The  second 
important  dimension  is  the  allocation  of  capital 
to  the  different  types  of  trade  (i.e.  tankers, 
bulk,  etc.).   Each  trade  has  different  character- 
istics and  different  returns  to  the  capital  invested. 
The  third  imvorant  variable  is  the  chartering  policy 
to  be  followed  within  each  trade.   As  mentioned  earlier, 
the  chartering  policy  not  only  impacts  on  the  rate  of 
return  earned  but  is  an  important  determinant  of  the 
business  risk  to  which  the  company  is  exposed. 
— Investment  decisions:   The  Investment  decision  involves 
the  buying  and  selling  of  ships  within  the  framework  of 
the  portfolio  decisions.  Since  many  ships  are  owned 
jointly  by  a  number  of  companies,  the  size  of  ship 
bought  need  not  be  determined  by  the  amount  of  tonnage 
required  in  a  particular  line  of  trade. 
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Also,  since  there  is  a  well  developed  market  for  second 
hand  ships  the  average  age  of  a  company's  fleet  is  a 
controllable  variable.   Another  important  aspect  of 
the  investment  decision  is  determining  when  new 
technology  is  ready  to  be  exploited  commercially. 
—  Operating  decisions:   These  decisions  are  concerned 
with  the  day-to-day  activities  of  running  the  fleet 
and  include  activities  such  as  scheduling  ships, 
finding  crews,  finding  new  charters,  etc.  Some  of 
these  decisions  are  made  on  board  the  ship.  For 
example,  the  ship's  captain  controls  voyage  costs 
by  controlling  the  ship's  speed  while  the  chief 
engineer  is  responsible  for  maintenance  of  the 
equipment  aboard  the  ship.   However,  many  of  the 
operating  decisions  such  as  setting  up  dry  docking 
schedules,  finding  new  cargoes  and  hiring  crews  are 
done  centrally. 
In  this  paper,  the  main  areas  of  concern  are  the  portfolio  planning 
(and  to  some  extent  the  investment)  decisions.   Given  the  competitive 
nature  of  the  markets  in  which  charter  shipping  companies  operate  and 
the  high  capital  intensity,  the  portfolio  decisions  are  crucial  to 
the  success (even  survival)  of  the  company.  The  investment  decisions  may 
be  viewed  as  part  of  the  implementation  of  the  portfolio  decisions.   Once 
the  amount  of  tonnage  required  in  a  particular  trade  is  decided,  the 
investment  decision  consists  of  deciding  in  what  size  and  age  of  ships 


this  tonnage  should  be  acquired.   These  two  variables  determine  the  cost 
of  acquiring  this  tonnage.   The  operating  decisions  are  by  and  large 
routine  and  often  even  uncontrollable.   Another  interesting  characteristic 
of  the  industry  is  that  a  large  portion  of  its  cost  structure  can  be 
forecast  with  a  fair  amount  of  accuracy.  Also,  that  part  of  the  revenue 
that  is  expected  from  term  charters  is  predictable.   So  that  long  range 
planning  can  be  a  meaningful  exercise. 

The  problem  of  long  range  portfolio  planning  can  roughly  be  broken 
down  into  two  segments.   The  first  deals  with  environmental  scanning  and 
prediction  of  prices  and  rates  of  return  that  will  prevail  in  the  shipping 
markets.   There  have  been  a  number  of  studies  of  the  structure  of  shipping 
markets   to  aid  in  the  making  of  these  predictions.   The  other  component 
of  long  range  planning  is  the  best  use  of  these  forecasts  once  they  have 
been  generated.   This  paper  is  mainly  concerned  with  the  latter  of  these 
two  tasks  and  assumes  that  forecasts  are  available. 

Previous  Work: 

Previous  work  has  suggested  that  classical  portfolio  selection  theory 
be  applied  to  the  shipping  company's  strategic  problem.   Lorange  and  Norman 
have  looked  at  the  problem  as  a  "one-shot"  static  decision.   Their  pre- 
sentation is  in  terms  of  net  present  values.   To  make  their  formulation 
comparable  with  the  model  presented  later  in  this  paper,  we  show  it  in 
terms  of  rates  of  return. 

The  company  is  viewed  as  having  an  initial  endowment  of  wealth  Wo 
which  it  must  invest  in  assets  to  maximize  the  utility  of  end  of  period 


See  references  (2). 

P.  Lorange  and  V.  Norman,  op.  cit. 
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wealth  (w^).  An  asset  is  a  combination  of  trade  i  and  charter  policy  j. 
The  objective  function  then  is 

Max  E{u(ZEa^,z^  )} 
ij   ^   -^ 

where  u  =  utility  function  for  end  of  period  wealth 

a^.    =  amount  invested  in  trade  i,  charter  policy  j. 
z_  -  random  variable  predicted  returns. 

The  maximization  is  subject  to  the  budget  constraint  that  the  a^  's  must 
sum  to  Wq.   The  initial  wealth  w^  is  the  sum  of  the  firm's  equity  and  debt. 
They  then  assume  that  the  utility  function  u  is  quadratic  so  that  only 
the  first  two  moments  of  the  \.    are  important.   This  formulation  is  illus- 
trated by  solving  a   hypothetical  example  to  produce  the  set  of  efficient 
(i.e.,  minimum  variance  for  a  given  mean)  portfolios. 

Intuitively,  the  use  of  these  kinds  of  models  are  premised  on  the 
fact  that  by  investing  in  a  portfolio  of  assets,  the  variance  of  the 
return  to  a  portfolio  reflects  only  that  part  of  the  variance  in  the  return 
of  each  asset  (in  the  portfolio)  which  is  correlated  to  that  of  the  other 
assets  in  the  portfolio.   The  variance  of  the  individual  asset  which  is 
independent  of  that  of  the  other  assets  can  be  reduced  by  diversification. 
To  determine  whether  the  class  of  models  proposed  by  portfolio  theory  can 
be  used  profitably,  the  correlations  between  the  (expected)  returns  to 
various  types  of  assets  in  the  charter  market  must  be  examined.   If  the 
returns  to  all  the  assets  are  highly  correlated,  there  is  little  to  be 
gained  from  using  a  portfolio  approach. 

Even  if  the  portfolio  approach  is  worthwhile,  it  is  unlikely  that 
the  transaction  interval,  the  decision  interval  and  the  company's  planning 
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horizon  are  identical.   For  example,  in  the  case  of  Gotaas-Larsen,  "deals" 
are  made  in  the  charter  market  every  day,  the  company  normally  updates 
its  portfolio  annually  and  its  planning  horizon  is  10  years.   If  the 
portfolio  is  to  be  revised  more  than  once  during  the  planning  horizon, 
it  seems  that  a  multi-period  or  intertemporal  model  is  more  suitable. 

Further,  Lorange  and  Norman  have  assumed  that  the  capital  structure 
decision  (i.e.,  the  debt/equity  ratio)  is  taken  independently  and  prior 
to  the  portfolio  decisions.   Since  most  shipping  companies  follow  a  policy 
of  financing  each  ship  separately,  it  would  appear  more  reasonable  to  make 
the  debt  decision  as  part  of  the  portfolio  decisions.   This  can  be  done 
with  relatively  minor  modifications  to  their  formulation. 

Value  of  the  portfolio  approach; 

To  examine  the  value  of  using  a  portfolio  approach  it  is  necessary 
to  examine  the  correlation  between  the  forecast  returns  on  different 
kinds  of  assets  in  the  charter  market.   Since  it  is  difficult  to  determine 
the  expectations  of  the  people  in  the  market  we  assumed  that  the  correla- 
tions between  the  returns  realized  in  the  past  are  some  indication  of  future 
expectations. 

There  was  no  readily  available  data  of  actual  rates  of  return  realized 
in  the  charter  market.   To  get  an  idea  of  what  historical  rates  of  return 
have  been,  we  had  to  put  together  data  from  different  sources.   As  mentioned 
earlier,  assets  were  defined  in  terms  of  trade,  charter,  size  and  route. 
Exhibit  2  shows  that  subset  of  the  assets  available  that  we  chose  to  examine. 
This  subset  was  chosen  primarily  because  the  data  for  them  were  easily 
available  but  they  do  represent  a  fairly  important  segment  of  the  charter 
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Asset 
No. 

Trade 

Size 

(10^  tons) 

22-40 

Charter 

Route 

1 

Tanker  (D)* 

Spot 

P. G. -West 

2 

Tanker  (D) 

40-100 

Spot 

P. G. -West 

3 

Tanker  (D) 

100-175 

Spot 

P. G. -West 

4 

Tanker  (D) 

175^ 

Spot 

P. G. -West 

5 

Tanker  (D) 

15-22 

Spot 

Carlb.-U.S.A.C. 

6 

Tanker  (D) 

22-40 

Spot 

Carib.-U.S.A.C. 

7 

Tanker  (C) 

15-22 

Spot 

P. G. -East 

8 

Tanker  (C) 

15-22 

Spot 

Med. -U.K. 

9 

Tanker  (C) 

15-22 

Spot 

Carlb.-U.S.A.C. 

10 

Tanker  (D) 

30-40 

5  year 

m 

11 

Tanker  (D) 

80-100 

5  year 

NA 

12 

Tanker  (D) 

200-250 

5  year 

NA 

13 

Tanker  (C) 

16-25 

5  year 

NA 

14 

Bulk 

10-20 

1  year 

NA 

15 

Bulk 

20-35 

1  year 

NA 

16 

Bulk 

35-50 

1  year 

NA 

17 

Bulk 

50-^ 

1  year 

NA 

D  refers  to  dirty  (i.e.,  for  transport  of  crude) 

C  refers  to  clean  (i.e.,  for  transport  of  refined  products  and  chemicals) 


List  of  Assets  Studied 
Exhibit  2 
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market.   The  realized  rates  of  return  on  these  assets  were  computed  for 
the  18  quarters  from  January  1970  through  June  1974.   Appendix  2  shows 
the  sources  of  the  data  used  and  the  methods  for  calculating  the  rates 
of  return. 

Over  the  4^5  year  period  considered,  correlations  between  the  rates 
of  returns  realized  on  different  assets  were  computed.   This  correlation 
matrix  is  reproduced  in  Exhibit  3.  A  cursory  examination  of  the  exhibit 
shows  that  many  of  the  correlation  coefficients  are  substantially  different 
from  1.   This  would  seem  to  indicate  that  the  portfolio  approach  does  hold 
promise. 

However,  there  are  also  a  number  of  assets  whose  rates  of  return  are 
almost  perfectly  positively  correlated  indicating  that  there  is  no  need 
to  differentiate  amongst  them  in  doing  the  portfolio  calculations.   Our 
limited  sample  indicates  that  returns  to  assets  differentiated  on  the  basis 
of  route  and  charter  policy  are  highly  correlated.   This  suggests  that  assets 
should  only  be  differentiated  on  the  type  of  vessel  (i.e.,  trade)  and  size 
in  doing  portfolio  planning. 

In  looking  at  these  results  it  should  be  borne  in  mind  that  the  data 
analysed  only  covers  a  4^5  year  period.   In  particular,  charter  markets 
seem  to  exhibit  a  cyclical  behavior.   There  are  long  periods  (3-4  years) 
when  rates  are  low  interspersed  with  short  spells  (3-6  months)  when  the 
rates  go  up  dramatically.   The  period  we  have  looked  at  covers  the  peak 
of  1970  and  most  of  the  1973-74  peak.   It  is  not  clear  what  effect  the  choice 
of  the  time  period  looked  at  here  has  on  the  conclusions  reached.   To  verify 
these  conclusions,  a  longer  time  span  needs  to  be  studied  and  the  data 
more  systematically  factor  analysed. 
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charter  shipping  markets. 

Exhibit  3 


15. 
Intertemporal  Portfolio  Selection: 

Q 

The  model  developed  in  this  section  is  based  upon  the  problem  faced 
by  one  of  the  larger  U.S.  shipping  companies.   The  company  is  a  subsidiary 
of  a  holding  company  which  manages  its  subsidiaries  mainly  through  financial 
control  and  expects  to  receive  dividends  from  each  of  the  companies  every 
year.   The  shipping  company  therefore  has  a  dividend  and  a  growth  objective. 
Its  problem  is  to  decide  on  how  to  invest  its  resources  in  assets  in  the 
coming  period.   Since  the  company  has  decided  that  it  will  remain  in  the 
ocean  charter  market,  the  available  set  of  assets  consists  of  combinations 
of  tonnage  in  different  lines  of  trade  and  under  different  charter  policies. 
The  company  has  a  10  year  planning  horizon  and  re-evaluates  its  portfolio 
every  year. 

In  going  through  the  model  that  follows,  it  should  become  apparent 
that  the  same  model  with  relatively  minor  modifications  can  be  applied 
to  most  shipping  companies. 

Budget  and  accumulation  equations;  At  any  time  t.  the  manager  knows  the 
price  of  each  of  the  menu  of  assets  available.  He  also  knows  the  market 
value  of  the  firm's  (tangible)  asset  wealth  A(t) .  If  there  are  n  assets 
available,  define: 


z^(t)  =  forecast  return  per  unit  of  the  iM  asset. 

c^(t)  =  forecast  net  cash  flow  per  unit  of  the  il^  asset  (i.e., 
revenue  -  operating  expenses). 

p^(t)  =  price  per  unit  of  the  1^  asset. 


8 


^«L™^   u^"'^"'f  ^"  '^^'  ^^'^'^°"  ^°"°^^  '^^^^ily  f"""  the  methodology 
used  to  characterise  individual  consumption  -  Investment  behavior  in  the 
Economics  literature.   See  for  example  Hakansson,  N.H.,  "Optimal  Investment 
and  Consumption  Strategies  for  a  Class  of  Utility  Functions",  unpublished 
Ph.D.  dissertation  (UCLA,  1966)  and  Fama,  E.F.,  "Multiperiod  Consumption  - 
Investment  Decisions",  American  Economic  Review.  Vol.  LX,  No.  1,  Ma   1970 


Thus      z,(t)  = 


16. 

c^Ct)  +  p^(t+l) 


i  P^Ct) 

At  time  t,  the  manager  chooses  the  amount  of  dividend  d(t)  he  wants  to  pay 
and  pays  it.   At  this  point  he  has  I(t)  left  to  invest  (i.e.,  I(t)  =  A(t)-d(t)) 
He  selects  a  portfolio  from  amongst  the  n  assets  available  and  purchases  N^(t) 
units  of  the  i^  asset  at  price  p^(t)  per  unit.   The  budget  constraint  im- 
plies: 


n 


Kt)  =   Z   N  (t)  p.(t) 
i=l        ^ 

This  done,  time  rolls  on;  cash  c^(t)  accrues  to  the  firm  from  the  assets 
it  owns  and  a  new  .set  of  prices  p^(t+l)  are  established  for  the  assets  in 
the  market  place.   The  firm  now  has  assets  worth: 

n 

A(t+1)  =   E   N  (t)[c,(t)  +  p,(t+l)] 
i=l  1     1       i 

and  the  process  moves  on. 

Let  w^(t)  be  the  fraction  of  the  portfolio  invested  in  the  lH  asset. 


Then, 


n  w  (t)  I(t) 
^^'^'^  =  Jl    P,(t)    t--i(^)  -^Pi(t+1)] 


Kt)   Z  w  (t)  z,(t) 
i=l   ^     ^ 

n 

^  w_^(t)  z^(t)[A(t)-d(t)] (1) 


i=l 


The  budget  constraint  implies  that  the  w^(t)'s  must  sum  to  1.   The  individual 
w^(t)  may  take  on  any  value.   If  the  w^(t)  for  a  particular  ship  is  less 
than  zero,  it  means  that  the  company  charters  in  the  ship  and  if  it  is 
greater  than  zero  it  owns  the  ship  and  charters  it  out. 


17. 

th  9 

Let  one  of  the  assets  (say  the  n —  one)  be  the  rlskless  asset  with 

return  R(t).   Then,  if  z(t)  is  the  return  on  the  total  portfolio, 


z(t)  =  Z  w  (t)  z  (t) 
i=l 

n-1 
=   Z  w  (t)[z  (t)-R(t)]  +  R(t) (2) 

i=l 

Substituting  (2)  into  (1)  and  letting  m  =  n-1 

A(t+1)  =  z(t)[A(t)-d(t)] 

'm 
Z  w^(t)[z^(t)-R(t)]  +  R(t)('[A(t)-d(t)] (3) 

In  (3)  since  the  constraint  on  the  sum  of  the  w  (t)  have  been  substituted 
out,  the  w  (t)'s  are  unconstrained  (i.e,  need  not  sum  to  1). 
The  objective  function:   Assume  that  the  manager  has  a  T  period  planning 
horizon.   His  criterion  function  is  then  based  upon  the  dividends  he  pays 
over  this  horizon  and  the  growth  rate  of  the  assets  of  the  firm.   The 
total  value  of  assets  at  the  end  of  the  planning  horizon  may  be  viewed 
as  a  proxy  for  the  growth  objective.   The  manager  has  a  utility  function 
that  can  be  characterized  as: 

V[d(0),d(l) d(T),A(T),T] 

where  d(i)  =  dividends  in  the  1=  period 

A(T)  =  value  of  assets  at  the  end  of  T  periods. 


9 
In  the  case  of  the  shipping  company  this  asset  is  the  amount  of  debt  in 

the  company's  capital  structure.   Investment  in  the  riskless  asset  corres- 
ponds to  paying  off  some  of  the  debt  while  a  reduction  in  the  portfolio 
weight  invested  in  this  asset  corresponds  to  Increasing  the  debt/equity 
ratio. 
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To  make  the  problem  tractable,  we  shall  assume  that  the  managers  utility 
function  belongs  to  the  "additively-separable"  class  so  that: 

T-1 
V[d(o),d(l). •••.!]  =  ^    U(d(t),t)  +B(A(T),T) 

t=0 

We  shall  also  make  the  "normal"  assumptions  about  u  and  B  (continuity, 

concavity,  etc.)- 

The  manager's  objective  function  can  then  be  expressed  as: 

T-1 
Max  E^  Z   u(d(t),t)  +  B(A(T) ,T) 
"  t=0 

The  E-  is  a  conditional  expectation  at  time  0.   The  expectation  is  conditional 
on  knowledge  of  past  prices  and  returns,  current  assets  and  current  estimates 
of  future  returns. 
Derived  utility  function:   Define  a  function  J  such  that 

C  T-1  X 

J(A(t),t)  =  Max  E^  E   u(d(s),s)  +  B(A(T)  ,T)  V 

* 

This  "derived"  utility  function  has  been  assumed  to  depend  only  on  current 
asset  wealth  for  simplicity.   It  could  in  general  be  a  function  of  the  invest- 
ment opportunity  set  available  to  the  manager.   The  "max"  refers  to  choosing 
the  decision  variables  (i.e.,  dividends  d(s)  and  portfolio  investments  w  (s)) 
for  periods  t,t+l'*'T  so  as  to  maximize  the  expected  value  of  the  terms  in 
curly  brackets;  the  expectation  being  conditional  on  knowledge  of  events 
before  and  including  t. 

By  the  definition  of  J, 

J(A(T),T)  =  Max  E^{B(A(T) ,T) }  =  B(A(T),T) 

cT-l  1 

and       J(A(0),0)  =  Max  ES    Z   u(d(t),t)  +  B(A(T),T)  j 
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Consider  the  manager's  decision  problem  when  he  has  one  period  left 
in  his  planning  horizon  (i.e.,  at  T-1) . 


J(A(T-1),T-1)  =  Max 


E    {u(d(T-l),T-l)  +B(A(T),T)} 
As  of  T-1,  d(T-l)  is  not  stochastic  so  that 


d(T-l),w^(T-l) 


J(A(T-1),T~1)  =  Max 


{u(d(T-l),T-l)  +  E   B(A(T),T)} (4) 

d(T-l),w^(T-l) 


In  the  derivation  that  follows,  we  shall  omit  the  time  subscript  when  there 

rm 

is  no  scope  for  confusion.   Also  from  (3),  A(T)  =  >  Z     w^ (T-1) (z^ (T-1)  -  R(T-L)) 

I  ,  ,   1       1 
-]  Li=l 

+  R(T-l),  (A(T-l)  -  d(T-l)),   To  solve  this  problem,  we  differentiate  (4)  with 
respect  to  the  decision  variables  (i.e.,  d(T-l),  w  (T-1))  and  set  them  equal 
to  zero. 


3 0  =   ^"(d,T-l) 

9d(T-l)    •    "  3d  T-1]      3A 


9B(A,T)         8A, 
8d 


•(5) 


3A 


ra 


From    (3),   "^  =  "  M     w^(T-l) (z^(T-l)    -  R(T-l))    + 


R(T-l)j 


A  it 

Substituting  this  into  (5)  and  letting  d  and  w  be  the  optimal  values  for 
d(T-l)  and  w  (T-1)  ,  we  have 


^     .    8u(d    ,T-1)        „        |9B|    v        *f        DN    4.  D 
^   -   3d Vlter^^  w^(z^-R)    +  Rj 


m 


(6) 


3w,  (T-1)    •    °       Vl 


3B(A,T)    ^    aA_ 
9w, 


3A 


for   each    i  =   1,2* ••m 


=    [A(T-l)    -   d(T-l)]    •    E, 


T-1 


i  •  <^-w 


for   i  =   l,2"-m (7) 


From  (7),  since  d(T-l)  =  A(T-l)  would  be  a  trivial  solution.  It  must  be  that 


0  -  E, 


r-1 


-J 
Iy  •  (z.-R)'  for  1  =  l,2"'m. 


(8) 


20. 
Substituting  (8)  into  (6)  we  get 


*  -     -! 


0  =  ,3u(d  ,T-1)  _ 

3d  T-1 


*^  8A  !  (9) 


(8)  and  (9)  are  the  optimality  conditions  with  1  period  to  go  in  the  planning 
horizon.   Since  by  definition  R  is  not  stochastic,  these  conditions  are 

R(T-l)  E^   .aB(A(T),T)]       (1/^1,    3B(A(T).T)) 

T-l|  3A(T)   j   Vlj^i^^-l)  •    9A(T)^  ?1  =  l.-.-m— (10) 
* 
3u(d  ,T-1)    „,„_,.  „   C3B(A(T).T)^ 

3d(T-l)    R(T-l)  Et-i|   3A(T)   3 (11) 

Note  that  ACT)  is  a  function  of  the  optical  portfolio  weights  w*(T-l)  and 
(10)  and  (11)  are  m+1  equations  in  the  m+1  unknowns  w*  and  d*.   These  first 

order  conditions  are  implicitly  used  by  Lorange  and  Norman  in  deriving  their 

set  of  efficient  portfolios. 

To  look  at  some  of  the  characteristics  of  the  derived  utility  function, 
substitute  (3)  into  (4)  and  differentiate  with  respect  to  A(T-l) 

3A      3di3A  ;'  "^  Vijil  •  I  J^  (^i-R)  aT"  <^(T-i)  -  d(T-i)) 


+  (2wJ^(z^-R)  +  R)[l  -  ^±- 


Substituting  (10)  and  (11)  into  this  expression 

3J(A(T-1).T-1)  _  3u(d*(T-l).T-l) 

3A(T-1)  3d  ^ (12) 

(12)  is  the  envelope  condition  and  says  that  optimally  the  manager  would 
equate  the  marginal  utility  of  dividends  to  the  marginal  utility  of  future 
benefits  from  current  assets. 
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The  multiperiod  case:   Now  consider  the  case  with  2  periods  to  go  (i.e., 
at  time  (T-2)). 

J(A(T-2),T-2)  =  Max  E^_2{u[d(T-2) ,T-2]  +  u(d(T-l) ,T-1]  +  B(A(T),T)} 
Because,  relative  to  T-2,  d(T-2)  and  A (T-2)  are  known 

J[A(T-2),T-2]  =  Max{u[d(T-2),T-2]  +  E^_2{u[d(T-l) ,T-1]  +  B(A(T),T)}} (13) 

Note:   (1)  If  X  is  any  stochastic  variable 

E,^_,lE,,._^(x)}  ="E^_2(x) 

by  the  definition  of  conditional  expectation. 

(2)  By  the  principle  of  optimality,  an  optimal  set  of  decisions 
(over  a  multiperiod  horizon)  has  the  property  that,  whatever  the  first 
decision,  the  remaining  decisions  are  optimal  with  respect  to  the  outcome 
of  the  first  decision.   Hence,  if  "x"  is  to  be  maximized  over  2  periods: 

Max  (x)  =  MaxJ  Max  (x) 
1,2        1/2 

\  given  what 
happened  in  1 

Substituting  these  two  conditions  into  (13) 
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J[A(T-2),T-2]  =  Max        \u[d(T-2) ,T-2]+E   ^  Mflv     E    [u(d(T-l) .T-1)+B(A(T) ,T) 
'^(^-^^'"i^^-^)  (d(T-l).w^(T:i) 

From  the  definition  of  the  "J"  function 

J[A(T-2),T-2]  =  Max  {u(d(T-2) ,T-2)  +  E   J[A(T-1) ,T-1] } (14) 

d(T-2),w^(T-2) 

Equation  (14)  is  analogous  to  eqn.  (4)  with  "B"  replaced  by  "J".   Hence  the 
optimality  conditions  are: 


3u  d 


22. 
* 


r9J[A(T-l).T-ll     ] 


^T-2:   3A 


^±1    ~  ^   V2I  8l -" ^j.  1=1. 2.. m— (16) 


Equations  (14) ,  (15)  and  (16)  can  be  generalized  to  any  period  t  where 
t  =  0,1, ••••T-1 


J(A(t),t)  =  Max 


Max        [u[d(t),t]  +  E  {J[A(t+l).t+l]}]  — (17) 
id(t),w  (t)}  ^ 


where  E^.  is  the  conditional  expectation,  conditional  on  knowing  A(t)  and 
P^(t)  and  past  history.  The  optimallty  conditions  are 


As  is  normally  done  in  dynamic  programming,  we  start  at  the  end  of  the 
planning  horizon  where  J(A(T),T)  =  B[A(T).T].   This  is  substituted  into 
(17)-(19)  to  obtain  J[A(T-1) ,T-1]  which  is  again  substituted  into  (17)-(19) 
to  obtain  J[A(T-2),T-2],  etc.   This  is  continued  until  J[A(0),0]  is  obtained, 
The  optimal  rules  will  be  of  the  form: 

d*(t)  =  g[A(t),t]  i 

wj(t)  =  h[A(t),t]  ^.. 

These  are  contingent  rules  azid  the  actual  values  of  d*  and  w*  will  depend 
on  the  value  of  A(t)  actually  obtained. 

Implementing  the  model: 

The  model  has  turned  out  to  be  a  fairly  complex  stochastic  dynamic 
program.   In  trying  to  implement  such  a  model,  two  major  problems  come  to 
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mind.   The  first  is  that  even  with  the  help  of  a  computer,  the  amount 
of  calculations  involved  would  be  infeasible.   The  other  problem 
concerns  determining  the  forms  of  the  utility  functions  involved. 

In  most  dynamic  programs  of  this  sort,  the  amount  of  computation 
required  to  find  a  solution  depends  upon  the  number  of  state  variables. 
In  the  case  of  the  model  proposed,  there  is  only  one  state  variable 
(i.e.  the  market  value  of  the  assets)  so  that  at  least  on  this  score 
the  calculations  would  appear  to  be  feasible.   At  each  stage  of  the 
dynamic  program,  a  system  of  m+1  equations  has  to  be  solved.   The  value 
of  m  depends  on  the  number  of  assets.   Taking  all  possible  combinations 
of  charter  policy,  type,  route  and  size  of  ship,  there  would  appear 
to  be  a  hopelessly  large  number  of  assets.   However,  an  examination  of 
the  limited  empirical  data  presented  in  a  previous  section  shows  that 
many  of  these  assets  have  returns  which  are  highly  correlated  with  each 
other.   This  would  suggest  that  these  assets  are  essentially  close 
substitutes  and  the  number  of  different  assets  that  need  to  be  considered 
is  fairly  small.   Carter   has  tried  developing  computer  programs  to 
select  efficient  portfolios  in  an  (essentially)  static  environment  and 
his  results  seem  to  indicate  that  the  burden  of  computation  is  not  excessive. 
Further,  it  may  be  possible  to  reduce  the  computations  by  constraining 
the  policies  allowable  to  reflect  the  realities  in  the  company  considered. 
For  example,  in  the  case  of  one  company  we  looked  at,  since  it  is  part 
of  a  larger  group,  its  choices  of  debt/equity  ratios  are  bounded  and 
there  is  also  a  minimum  level  of  dividends  it  is  obliged  to  pay  out. 

The  second  problem  is  considerably  more  difficult.   As  is  normally 

the  case,  we  can  use  unrealistic  but  mathematically  tractable  forms 
or  try  to  be  more  realistic.   Lorange  and  Norman  in  their  paper  have 

Carter,  E.E.,  "Portfolio  Aspects  of  Corporate  Capital  Budgeting", 
Lexington  Books,  1974. 


24. 


used  a  quadratic  form  of  the  utility  functions  and  we  could  make  a 

similar  assumption.   A  similar  result  would  obtain  if  the  returns  had 

distributions  whose  third  and  higher  moments  were  neglible  as  compared 

to  the  first  two  moments.   It  is  hypothesized  that  rates  of  returns 

on  stocks  traded  in  the  U.S.  belong  to  such  families  of  compact  distributions 

if  trading  intervals  are  small.   We  have  not  examined  the  data  on  rates 

of  return  on  ships  to  ascertain  if  this  is  true  of  shipping  charter 

markets. 

Another  approach  might  be  to  try  and  estimate  the  shapes  of  the 
utility  functions  by  interview  and  questionnaire  techniques.   Preliminary 
work  on  this  approach  has  been  done  by  Lorange  and  Norman.    They  estimated 
the  utility  functions  of  17  Scandinavian  shipowners  through  interviews  usinj; 
lottery  tickets  under  conditions  of  good  and  poor  liquidity.   Their 
experiment  seemed  to  be  reasonably  successful  but  again  it  was  in  an 
essentially  one  period  context.   If  it  is  feasible  in  a  multiperlod  context, 
it  could  be  used  to  determine  the  utility  functions  and  solve  the  dynamic 
program  analytically.   Alternatively,  the  program  could  be  discretized 
and  solved  numerically. 

A  third  approach  might  be  to  set  up  the  model  and  have  it  produce 
portfolios  with  different  risk  return  characteristics.   These  would  then 
be  presented  to  the  manager  who  would  choose  the  ones  he  wanted  without 
explicitly  stating  his  risk  preferences. 

Conclusions  and  Implications  for  Future  Research: 

There  are  two  major  conclusions  of  this  paper.   The  first  is  that, 
within  the  limitations  mentioned  earlier,  an  examination  of  empirical 


Lorange,  P.,  and  Norman,  V.D.,  "Risk  Preference  in  Scandinavian 


Shipping",  Applied  Economics  1973,  5,  pg.  49-59. 
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data  indicates  that  it  makes  sense  to  look  at  a  fleet  of  ships  within 
a  portfolio  framework.   Paying  attention  to  diversification  in  the  long 
range  planning  process  is  likely  to  be  a  worthwhile  exercise.   In 
applying  the  portfolio  approach,  if  care  is  taken  in  defining  assets, 
considerable  economy  can  be  obtained  in  the  number  of  assets  that  need 
be  considered.   Specifically,  it  seems  that  assets  only  need  to  be 
differentiated  in  terms  of  line  of  trade  and  size. 

The  second  major  conclusion  is  that,  given  the  nature  of  the  industry, 
the  portfolio  approach  should  be  applied  in  a  multlperiod  context.   To 
demonstrate  this  approach,  a  general  model  is  presented.   Given  that 
the  model  tries  to  abstract  from  being  too  specific  to  any  one  company, 
it  is  difficult  to  use  it  to  produce  useful  "pat  rules  of  thumb"  for 
direct  use  by  managers.   To  do  this  would  require  tailoring  the  model 
more  specifically  to  the  conditions  prevailing  in  a  particular  company. 
In  terms  of  directions  for  future  research,  the  first  thing  to  be 
done  would  be  to  test  the  conclusions  of  this  paper  using  a  larger 
body  of  data  which  would  allow  more  thorough  statistical  analysis. 
Beyond  this,  there  are  two  general  areas  of  study: 

— The  first  is  to  test  different  methodologies  for  implementing 
the  model  in  a  real  company.   The  various  alternatives  that 
need  to  be  tried  are  outlined  in  the  implementation  section  of 
this  paper. 
— The  other  general  area  of  Interest  is  determination  of  the  effects 
on  the  structure  of  the  charter  markets  if  the  use  of  the  model 
presented  here  becomes  widespread.   Theoretical  constructs  to 
answer  a  similar  question  for  US  capital  markets  are  now  being 
developed  in  the  Economics  literature. 
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Appendix  1 
Data  and  Calculations  for  rates  of  return 

In  general,  the  rate  of  return  on  an  asset  for  a  period  is  defined 
as  the  sum  of  the  cash  flow  and  the  capital  gain  over  the  period 
divided  by  the  original  investment.   Since  the  calculation  of  returns 
are  over  one  month  periods  which  are  small,  we  have  assumed  that  there 
is  a  neglible  change  in  the  value  of  the  asset.   In  our  case  we  have  taken 
an  asset  to  be  1  ton  of  a  ship  of  a  particular  type,  of  a  specific  size, 
operating  on  a  particular  route  and  under  a  specific  charter  policy. 

Data  on  rates  of  return  realized  in  the  shipping  industry  are  not 
readily  available.   Therefore  data  from  different  sources  had  to  be 
brought  together.   In  doing  this  we  found  that  the  sizes  of  the  ships  for 
which  revenue  numbers  were  available  did  not  correspond  to  the  sizes 
for  which  cost  data  was  available.   We  therefore  used  the  cost  data  to 
generate  regressions  which  were  then  used  to  obtain  costs  for  the  required 
ship  sizes. 

In  the  sections  that  follow,  the  data  and  calculations  are  shown. 
Since  the  revenue  numbers  used  were  the  actual  rates  realized,  we  give  these. 
Since  the  costs  were  gotten  from  regressions,  we  give  the  regression 
equations  used.   Since  we  found  capital  costs  in  many  of  the  periods 
considered,  we  put  time  as  an  independent  variable  in  the  regression 
equation.   For  other  costs  we  took  the  costs  in  mid-1973  and  used 
U.S.  Government  (Maritime  Administration)  escalation  factors. 
Revenue:   All  the  data  was  gotten  from  "Shipping  Statistics  and  Economics". 
The  rates  are  shown  in  Exhibit  1.   The  data  for  bulk  carriers  is  in  $/ton 
per  month  and  was  used  as  such.   The  rate  for  tankers  is  in  World  Scale  rates. 
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The  world  scale  rate  is  a  percentage  of  world  scale  100.  World  Scale  100 

is  the  cost  to  a  "standard"  shipowner  of  accepting  a  voyage  charter  on 

a  particular  trade  route.    To  get  the  actual  revenue: 

Revenue/trip  =  (W.S.  x  base  rate)/100 
Trips/month  =  (Speed  x  hrs. /month) /(2  x  distance 

Revenue/ton  per  month  =  (Revenue/trip)  x  (trips/month) . 

Capital  cost;   The  raw  data  was  obtained  from  "U.S.  Department  of  Commerce 

(Maritime  Administration)  News".  The  final  regression  used  was 

y  =  0.137  +  0.0165  Q  +  0.568T  -  0.127S°*^ 

R^  =  0.93 

Y   =  capital  cost  in  $MM/MDWT. 
Q  =  time  for  cost  estimate  (t  stat.  =  6.1) 

T  =  0  for  a  tanker 

(t  Stat.  =  15.9) 
=  1  for  a  bulk  carrier 

S  =  Size  in  MDWT  (t.  stat.  -  -A. 3) 
Insurance:   The  raw  data  was  obtained  from  estimates  made  by  the  MIT 
Department  of  Ocean  Engineering.   The  regression: 

Y  =  -0.0021  +  0. 00145°*^ 

R^  =  0.90 
y  =  annual  insurance  cost  in  $MM/MDWT 

S  ■=  size  in  MDWT  (t  stat.  =  8.7) 
The  escalation  factor  was  8% 

Maintenance:   The  data  was  obtained  from  estimates  made  by  the  MIT 

Department  of  Ocean  Engineering.   The  regression  used: 

log  Y  =  -3.74  -  0.326  log  S 

r'^  -  0.98 

Y  =  Annual  maintenance  cost  in  $MM/MDWT 

S  =  Size  in  MDWT  (t.  stat.  =  -20.7) 
The  escalation  factor  was  5%. 


^^°^.^|^^  exact  calculatipns  see,  for  example,  "Worldwide  Tanker  Nominal 
Freight  Scale  ,  Association  of  Ship  Brokers  and  Agents,  Inc. 
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Crew:   The  data  was  obtained  from  estimates  made  by  the  MIT  Department 

of  Ocean  Engineering.  The  cost  was  a  fixed  number  ($300,000  per  year  in  1973  ) 

independent  of  size  of  the  vessel.   A  6%  escalation  factor  was  used. 

Fuel:   The  data  was  obtained  from  "Tankers  and  the  US  Energy  Situation: 

An  Economic  and  Environmental  Analysis"  in  Marine  Technology,  Oct.  1974. 

The  regression  equation  was: 

Y  =  22.53  -  1.085  x  S°'^ 

R^  =  0.98 

Y  =  annual  fuel  cost  in  $/DWT 

S  =  size  in  MDWT  (t-  stat.  =  -18.2) 
The  escalation  factor  used  was  5%.   In  the  Fall  of  1973  an  escalation 
of  325%  was  used. 
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Appendix  2 
Shipping  Terminology 

Five  types  of  charters  are  used  conunonly  in  shipping: 

— Time  Charter:   This  is  the  most  common  charter  arrangement.   The 
vessel  is  chartered  for  a  specified  period  of  time  at  a  specified 
rate  per  deadweight  ton  of  capacity  per  calender  month.   Operating 
costs  for  crew,  stores,  maintenance,  insurance,  etc.  are  commonly 
paid  by  the  owner,  while  voyage  costs  such  as  fuel,  port  and 
cargo  charges,  etc.  are  paid  by  the  charterer. 

— Bareboat  Charter:   This  is  similar  to  a  time  charter,  except  that 
the  shipper  charters  the  boat  "bare",  provides  his  own  crew,  and 
pays  all  operating  expenses.   This  is  generally  regarded  as  being 
analogous  to  leasing  as  a  financing  arrangement. 

— Consecutive  Voyage  Charter:   Under  this  arrangement,  the  ship  is 
chartered  for  a  specified  number  of  consecutive  voyages  among 
specified  ports  over  a  specified  time  period.   The  charterer 
pays  an  agreed  freight  rate  per  ton  of  cargo  lifted  on  each 
voyage.   All  expenses,  including  voyage  costs,  are  paid  by  the 
owner . 

— Single  Voyage  Charter:   This  is  commonly  known  as  a  "spot  market" 
charter.   The  vessel  is  chartered  to  lift  a  cargo  from  one  or 
more  loading  ports  to  one  or  more  discharging  ports  at  a  specified 
freight  rate.   Single  voyage  charters  are  identical  to  consecutive 
voyage  charters  in  all  respects  except  their  one-time  nature. 
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—Contracts  of  Affreightment:   This  type  of  contract  provides  for  the 

shipment  of  a  specified  quantity  and  type  of  cargo  from  and  to  specified 
ports  over  a  specified  period  of  time  at  a  certain  freight  payment 
per  ton.   It  usually  requires  the  owner  to  use  vessels  of  certain 
minimum/maximum  sizes.   As  in  the  case  of  single  voyage  charters,  the 
owner  pays  all  transportation  costs. 

A  relet  refers  to  an  arrangement  where  a  company  charters  in  tonnage 

and  in  turn  charters  it  out  again. 


Date  Due 


bEMENT, 


MY  2  3  1936 
1^0 10 '87 


m 


H'68 


MAY08  1B' 


DEC 


2819» 


Lib-26-67 


H028.IVI414   no.796-    75 

Kearl,   James   R/Appendix   to  task 

724722  D»BkS, QflQ.?"'"' 


TOflD  DDO  bSb  311 


'^gr^CS;  w  no.797-    75 

Ginzberg,   Mich/lmplementation  as  a  pro 

724723  D*BK^         m02A25] 

3    TDflD  DDO  ?DM  036 


■  w  no.798-    75 
Anand,   Sudeep. /Intertemporal   portfolio 

''''Iiiiiiiiiiiiiiliil 

3    TOaO    DOD    bMS    7tiT 


Shapiro,   Jerem/OR   models   for   energy   pi 
724715  D*BKS  nn019872 


3  TDflD  ODD  bMS  T3M 


w  no.800-    75 
Choffray,   Jean/An   empirical   study   of   t 
725815,...,. .D»BKS  QWI^Ml.. 


b    171 


3    TOaO    DOD    bM 


"i^'^***'*   w   no.801-    75 

Bailyn,   Lotte./Research  as  a  cognitive 


72471 


D*BKS 


?§,l, 


3  TDflD  ODD  bMS  bTM 


HD28.M414    no-802-75 

Rockart,   John   /Computers  and   the   learn 

7251 6,3, ,.  „,. .D*B.KS, M 1 85 5 G4 


3  TOflO  002  71b  131 


w   no.803-    75 
Runge,   Dale.      /The   potential   evil   in  h 
725165  .  .      D*BKS         00019871 


5  D*BKS 


3    TOflO    ODD    b4S    TOO 


r: 


